A bacterial strain named BSTT44
Among the bacteria that interact with plants, some are able to penetrate the tissues without causing damage to the plant, and these are called endophytic bacteria or bacterial endophytes, which are present in all plant species and establish different types of mutualism (Rosenblueth & Martínez-Romero, 2006) . Some of these endophytes can promote plant growth through various mechanisms, including induction of systemic resistance against biotic and abiotic events (Ryan et al., 2008; Yang et al., 2009) . Members of the genus Pseudomonas exhibit an enormously versatile metabolism that allows them to colonize many different ecological niches, and strains with plant-growthpromoting activities can be found in many species of this group, together with plant-pathogenic species such as Pseudomonas savastanoi or Pseudomonas syringae as well as human nosocomial pathogens such as Pseudomonas aeruginosa (Mendes et al. 2013) . Several species of the genus Pseudomonas have been reported to be present in potato (Solanum tuberosum L.) tissues (Berg et al., 2005; Krechel et al., 2002; Sturz & Matheson, 1996) , most of them reported as biocontrol agents (Diallo et al., 2011; Garbeva et al., 2001; Reiter et al., 2002) . Strains of more than 20 species of Pseudomonas were isolated from roots, tubers, stems and leaves of potato, including the human pathogen P. aeruginosa (Krechel et al., 2002) , Pseudomonas putida (Berg et al., 2005) , and others that produced indole acetic acid (IAA), antimicrobial compounds, siderophores or other traits useful for plant-growth promotion, such as Pseudomonas rhodesiae and Pseudomonas oryzihabitans, isolated from potato cultivar Bionta in Austria (Sessitsch et al., 2004) , or even the widespread plant-pathogenic species P. syringae (Sturz et al., 1998) .
During a screening of endophytic bacteria with plantgrowth-promoting abilities from potato plants cropped in soils from northern Spain, we isolated a strain from stems of potato cultivar Marfona growing in a soil located in Salamanca province that showed plant-growth-promotion mechanisms in vitro, such as production of siderophores and production of IAA. The strain was coded as BSTT44 T and subjected to a polyphasic taxonomy study. The isolation procedure was performed according to Aravind et al. (2009) . Briefly, stems of potato plants were cut into 3.5 cm pieces, surface-sterilized with 2 % sodium hypochlorite for 10 min and 70 % ethanol for 1 min and then rinsed five times in sterile distilled water. To check the reliability of the disinfection protocol and thus ensure that the bacterial isolates came from the inner plant tissues (i.e. endophytes), 100 ml of the last wash water was spread on TSA medium plates to check for sterility. The disinfected stem tissue samples were ground and macerated aseptically in PBS (g l
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: NaCl, 8; KCl, 0.2; Na 2 HPO 4 , 1.4; KH 2 PO 4 , 0.24; pH 7.4) and shaken at 200 r.p.m. for 1 h at 28 8C. Serial dilutions of this suspension were spread on TSA plates and incubated at 28 8C for 7 days.
Strain BSTT44
T was classified into the genus Pseudomonas within the class Gammaproteobacteria according to 16S rRNA and housekeeping gene sequence analyses, and the phylogenetic, chemotaxonomic and phenotypic data obtained showed that it represents a novel species, for which the name Pseudomonas endophytica sp. nov. is proposed.
The cells were stained according to the Gram procedure described by Doetsch (1981) . Motility was checked by phase-contrast microscopy after growing on nutrient agar at 22 8C for 48 h. The flagellation type was determined by electron microscopy after 24 h of incubation on nutrient agar at 22 8C as stained with 0.2 % uranyl acetate and examined at 80 kV with a STEM-LEO 910 transmission electron microscope (Zeiss), equipped with a Gatan Bioscan 792 digital camera. Cells of strain BSTT44
T were Gram-negative, rod-shaped (0.6-1.061.2-1.7 mm) and motile by one polar-subpolar flagellum (Fig. S1 , available in the online Supplementary Material). The strain formed round, translucent, beige colonies on nutrient agar. For 16S rRNA gene sequencing and comparison, DNA extraction, amplification and sequencing were performed as reported by Rivas et al. (2007) . Amplification and partial sequencing of the gyrB, rpoB and rpoD housekeeping genes were performed as described by Mulet et al. (2010) , using the primers PsEG30F/PsEG790R for the rpoD gene (Mulet et al., 2009) and LAPS5F/LAPS27R for the rpoB gene (Ait Tayeb et al., 2005) . For gyrB, the following primers were used (sequencing primers are underlined): UP-1, 59-GAAGTCATCATGACCGTTCT-GCAYGCNGGNGGNAARTTYGA-39; and UP-2r, 59-AGCAGGGTACGGATGTGCGAGCCRTCNACRTCNGC-RTCNGTCAT-39 (Yamamoto & Harayama, 1998) .
The sequences obtained (1451 nt for the 16S rRNA gene, 727 nt for rpoD, 1080 nt for rpoB and 1177 nt for gyrB) were compared with those from GenBank using the BLASTN (Altschul et al., 1990) and EzTaxon (Kim et al., 2012) programs and identities were calculated after pairwise comparison. For phylogenetic analysis, sequences were aligned using the CLUSTAL_X software (Thompson et al., 1997) . Distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees of the 16S rRNA gene were inferred using neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Rogers & Swofford, 1998) analysis. MEGA5 software (Tamura et al., 2011) was used for all analyses.
Comparison of the 16S rRNA gene sequence of strain BSTT44
T with those of the type strains of bacterial species recorded in the EzTaxon-e database showed the affiliation of the novel strain to the genus Pseudomonas. The closest related type strain was Pseudomonas psychrophila E-3 T (Yumoto et al., 2001) , with 99.7 % pairwise similarity (4 nucleotide differences), and the next closest related type strains were those of Pseudomonas fragi (Eichholz 1902) Gruber 1905, with 99.6 % similarity (5 nucleotide differences), Pseudomonas deceptionensis Carrió n et al. 2011 and Pseudomonas lundensis Molin et al. 1986 , with 99.2 and 99.0 % similarity (11 and 14 nucleotide differences), respectively. Phylogenetic analysis of the 16S rRNA gene was carried out including all the species most closely related to the novel strain, as well as the type strain of the type species of the genus, P. aeruginosa LMG 1242
T . According to the maximum-likelihood phylogenetic tree ( Fig. 1) , strain BSTT44
T clustered in a separate branch related to P. psychrophila E-3 T . The results were congruent with the tree topology obtained after neighbour-joining phylogenetic analysis (data not shown).
In addition to the 16S rRNA gene, three housekeeping genes widely used in phylogenetic analysis of species of the genus Pseudomonas were analysed in this work (Ait Tayeb et al., 2005; Mulet et al., 2009 , 2010 , Ramos et al., 2013 Toro et al., 2013; Ramírez-Bahena et al., 2014) . The phylogenies obtained for the three genes were congruent with those based on the 16S rRNA gene analysis, supporting the affiliation of BSTT44
T to the genus Pseudomonas as a member of a separate species related to the P. psychrophila cluster. The concatenated rpoD, rpoB and gyrB gene phylogenetic tree showed that BSTT44
T clusters in a separate branch that is related to a group formed by P. psychrophila, P. fragi, P. deceptionensis and P. lundensis (Fig. 2) . The sequence identities for the rpoD, rpoB and gyrB genes were about 85-86, 91-92 and 87-89 %, respectively, with respect to P. psychrophila, P. fragi, P. deceptionensis and P. lundensis (85-87 % for concatenated sequences). These values are similar to or lower than those found among several existing species of Pseudomonas. For example, in the case of rpoD, Pseudomonas jessenii showed about 92 % identity with respect to Pseudomonas vancouverensis, P. moorei and P. mohnii; Pseudomonas reinekei showed 94 % identity with respect to P. moorei and P. mohnii; P. moorei and P. mohnii showed 96 % identity between them and Pseudomonas koreensis and P. moraviensis showed 93.7 % identity between them; and Pseudomonas punonensis showed 91.6 % identity with respect to Pseudomonas argentinensis and P. straminea. In the case of rpoB, P. vancouverensis and P. mohnii showed 95.6 % identity; P. moorei and P. mohnii, P. jessenii and P. reinekei, P. koreensis, P. moraviensis and P. vancouverensis, and P. jessenii and P. reinekei each showed about 97 % identity; P. punonensis showed 95.8 % identity with respect to P. argentinensis and 90.5-90.7 % identity with respect to P. straminea and P. flavescens; Pseudomonas guariconensis showed 86 % identity with respect to Pseudomonas entomophila and 84-85 % identity with respect to Pseudomonas plecoglossicida, P. monteilii and P. taiwanensis; and finally, Pseudomonas helmanticensis showed 87-92 % identity with respect to Pseudomonas baetica, P. jessenii, P. moorei, P. mohnii, P. umsongensis, P. koreensis and P. reinekei. All these species showed interspecies sequence identities ranging from 86 to 97 % in the gyrB gene. Therefore the results of rpoD, rpoB and gyrB gene sequence analysis also indicated that strain BSTT44 T represents a previously undescribed species of the genus Pseudomonas.
DNA-DNA hybridization was carried out by the method of Ezaki et al. (1989) , following the recommendations of Willems et al. (2001) . DNA from strain BSTT44
T was hybridized with DNA from the type strains of the four species of the genus Pseudomonas that showed more than 99 % identity in the 16S rRNA gene: P. psychrophila LMG 24276 T , P. fragi LMG 2191 T , P. deceptionensis LMG 25555 T and P. lundensis LMG 13517 T (Table S1 ). The mean hybridization values were less than 48 % in all cases. Therefore, strain BSTT44
T represents a different species of the genus Pseudomonas when the recommendation of a threshold value of 70 % DNA-DNA relatedness for definition of bacterial species is considered (Wayne et al., 1987) . For DNA base composition analysis, DNA was prepared according to Chun & Goodfellow (1995) . The G+C content of the DNA was determined using the thermal denaturation method (Mandel & Marmur, 1968) . The DNA G+C content of strain BSTT44 T was 60.2 mol%. This value is within the range reported previously for species of the genus Pseudomonas (Palleroni, 2005) .
Cellular fatty acids were analysed by using the Microbial Identification System (MIDI; Microbial ID) Sherlock 6.1 and the library RTSBA6 according to the technical instructions provided with this system (Sasser, 1990) . Strain BSTT44
T and the type strains of the closest related species (those used for DNA-DNA hybridization) were grown on TSA plates (Becton Dickinson, BBL) for 24 h at 28 8C and harvested in late-exponential growth phase. The major fatty acids of strain BSTT44 T were C 16:0 (29.4 %), C 18:1 v7c (16.5 %) and summed feature 3 (C 16:1 v7c and/or C 16:1 v6c; 31.8 %). As expected, all the relatives clustering in the same phylogenetic group with BSTT44
T shared similar fatty acid profiles (Table 1) . BSTT44
T has the three fatty acids typically present in members of the genus Pseudomonas according to Palleroni (2005) , C 10:0 3-OH, C 12:0 and C 12:0 3-OH.
T was cultivated for 24 h on TSA plates (Becton Dickinson, BBL) at 28 8C to obtain the cell mass required for quinone analysis; quinone analysis was carried out from freeze-dried cells using the methods described by Collins & Jones (1981) , Tamaoka et al. (1983) and Collins (1985) . Strain BSTT44
T contained Q-9 as the respiratory quinone (100 %). The presence of Q-9 as the major ubiquinone is in agreement with results obtained previously for species of the genus Pseudomonas (Palleroni, 2005) .
For fluorescent pigment analysis, cells were grown on King B agar and tested for pigment production (King et al., 1954) . Strain BSTT44
T produced a fluorescent pigment on this medium, similarly to the close relatives P. psychrophila, P. fragi and P. lundensis.
Physiological and biochemical tests were performed as described previously (Peix et al., 2005) , including the same reference type strains chosen for DNA-DNA hybridization experiments. Additionally, API 20NE, API 32 GN and API 50CH strips with API 50 CHB/E medium (bioMérieux) as well as Biolog GN2 Microplates were used following the manufacturers' instructions. The results of API 20NE and API 50CH tests were recorded after 48 h of incubation at 28 8C. Tolerance of NaCl was determined by growth in TSB (Difco) containing added NaCl at 0-8 % and growth at pH 3.5, 4, 4.5, 5, 6, 7, 8, 9, 10 and 11 was determined by checking for growth in TSB (Difco) after 7 days of incubation at 28 8C. Phenotypic characteristics of the novel strain are reported below in the species description and differences with respect to the type strains of the closest species of the genus Pseudomonas and the type species of the genus, P. aeruginosa, are reported in Table 2 . The phenotypic characteristics of strain BSTT44
T support its classification within the genus Pseudomonas, since it is a motile, Gram-negative rod that is strictly aerobic, catalaseand oxidase-positive and produces a fluorescent pigment typical of this genus (Hildebrand et al., 1994) . Nevertheless, as stated by Palleroni (2005) , these characteristics do not allow unquestioned differentiation of the genus Pseudomonas from other rRNA groups of aerobic 'pseudomonads'. Analysis of the 16S rRNA gene and of chemotaxonomic characteristics such as fatty acids and ubiquinone composition are necessary for this purpose (Palleroni, 2005) . Strain BSTT44
T can be differentiated from other species of the genus Pseudomonas by its 16S rRNA and housekeeping gene sequences and by DNA-DNA hybridization values, as well as by the overall set of phenotypic and chemotaxonomic characteristics.
Therefore, taking into account all the phylogenetic, chemotaxonomic and phenotypic data, BSTT44
T should be assigned to a novel species within the genus Pseudomonas, for which the name Pseudomonas endophytica sp. nov. is proposed.
Description of Pseudomonas endophytica sp. nov.
Pseudomonas endophytica (en.do.phy9ti.ca. Gr. pref. endowithin; Gr. n. phyton plant; L. fem. suff. -ica adjectival suffix used with the sense of belonging to; N.L. fem. adj. endophytica within the plant, endophytic).
Gram-negative, strictly aerobic, non-spore-forming, rodshaped cells, 1.2-1.7 mm long and 0.6-1.0 mm in diameter, motile by one polar-subpolar flagellum. Colony morphology on nutrient agar is circular convex, beige and usually 1.5-2.0 mm in diameter within 2 days of growth at 28uC. Maximum and optimum growth temperatures are 35 and 28uC, and the pH range for growth is 5-9, with optimum growth at pH 7. It can grow with 0-6% added NaCl in TSB, with optimum growth without the addition of NaCl to TSB. A diffusible fluorescent pigment is produced on King B medium. Strictly aerobic, with oxidative metabolism and no fermentation of sugars in peptone media. The respiratory ubiquinone is Q-9. Major fatty acids are C 16:0 , 
